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ABSTRACT 
Africa, ever on the lookout for development levers that will allow its economy to take off, is turning more and more 
towards technology. This is one of the possible modern avenues to success, especially the use of the biotechnologies 
that are so touted by Western countries. However, the hope placed in these new technologies must not hide the long- 
proven fact that technology alone is not enough to solve development problems. Biotechnologies do not escape this rule. 
Biotechnologies can be the best and the worst things for the people of Africa. Beyond their technical contributions, we 
must be wary of their boomerang effects and collateral damage. A country’s development is actually more complex 
than simply implementing technology, and in the current global environmental context a holistic vision is necessary to 
ensure sustainable development. In the area of water, this integrated vision emerged on the international scene during 
the Dublin Conference in 1992, which consecrated the principles of Integrated Water Resources Management (IWRM). 
More recently, the Eco-Health concept strives to combine human health and ecosystem health while incorporating a 
socioeconomic dimension into the health and environmental spheres. The concern to mesh human activities better with 
environmental protection was materialized previously, in the 1970s already, through impact studies. After presenting 
this set of tools in the service of a holistic approach to the environment and development, we shall see that these ap- 
proaches can inspire the players when it comes to the ways they implement biotechnologies. At the end of the day, a 
holistic approach to biotechnologies in Africa will be facilitated by enhanced information and communication and reli- 
ance on peasant farmers’ expertise. It will have to be rooted in broader participation of the players concerned. This in- 
tegration will also concern environmental and land-owning aspects, without forgetting socio-cultural acceptance of the 
projects and the links with health. Ultimately, it will also mean putting the human at the heart of development by taking 
all the richness and particularities of African society into account. 
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1. Introduction 
Africa, ever on the lookout for the levers of development 
that will get its economy to take off, is turning more and 
more towards technology. It is one of the possible mo- 
dern avenues, especially that of biotechnology, which is so 
touted by Western countries. The Economic Community 
of West African States (ECOWAS) has held a spate of 
conferences and meetings on the subject, e.g., in Dakar in 
2004, Ouagadougou in 2004, Bamako in 2005, Accra in 
2007, and so on. However, the hope placed in these new 
technologies must not hide the fact that it has long been 
known that technology alone is not enough to solve de- 
velopment problems. Biotechnology is no exception.  
Biotechnologies can be the best and the worst things for 
the people of Africa. However, beyond their purely tech- 
nical contributions, we should be wary of their boome-  
rang effects and collateral damage. 
Biotechnology is sometimes presented as the “new 
means of the new green revolution that will usher hu- 
mankind into a new era of abundance” (Pallante, 2011) 
[1], with reference to the green revolution that stroves to 
increase agricultural yields through the use of fertilizers 
and pesticides. However, according to an International 
Labor Organization (ILO) report quoted by Pallante 
(2011), “hunger and malnutrition are increasing very 
quickly, especially where the green revolution occurred” 
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[1]. Let us hope that the same will not happen with the 
application of agricultural biotechnologies. 
Developing a country is actually more complex than 
simply applying techniques and, given the current global 
environmental context, a holistic vision is necessary to 
achieve sustainable development. Let us recall that the 
neologism “holism” is coined in 1926 and comes from 
the ancient Greek holos meaning “the whole, the en- 
tirety.” It was proposed by the South African statesman 
Jan Christiaan Smuts in his book “Holism and Evolu- 
tion”. According to Smuts, holism is the tendency in na- 
ture to form wholes that are greater than the sum of their 
parts through what he calls “creative evolution”. It is thus 
the opposite of narrow, sectorial approaches, but it aims 
to integrate the various interacting components within a 
complex system. 
While various integrating concepts of development 
existed, that of sustainable development, which was in- 
herited from the Brundtland report and spread during the 
Rio Conference in 1992, conquered the entire planet. 
However, well before then, in the early 1970s, the desire 
to mesh human activities better with environmental pro- 
tection had already materialized in the form of environ- 
mental impact studies. The integrated, holistic view 
emerged on the international water management scene 
during the Dublin Conference of 1992, which conse- 
crated the principles of Integrated Water Resources 
Management (IWRM). More recently, the Eco-Health 
concept is aimed at combining human health and ecosys- 
tems’ health while integrating a socioeconomic dimen- 
sion into the health-environment sphere. 
The complex and multifold nature of biotechnologies 
calls for this type of integrated approach. After reviewing 
biotechnology’s complexity, we shall recall the series of 
integrating concepts mentioned above. We shall also see 
how these approaches, which make it possible to go from 
a sectorial approach to a holistic vision of development, 
can inspire the biotechnology players in implementing 
their biotechnology choices. The idea will also be to put 
the human at the heart of development processes by tak- 
ing all the richness and particularities of African society 
into account. However, much uncertainty exists about the 
consequences of implementing biotechnologies on hu- 
man and environmental health and the economy of a 
country. We shall thus try to show here the advantages of 
taking a holistic approach as far upstream as possible 
from the projects concerned, an approach that considers 
the environmental, societal, economic, and other external- 
ities, so as to circumscribe this uncertainty as best one can. 
2. Biotechnologies at the Intersection of  
Several Fields 
The term “biotechnology” already contains a binomial in 
which two different worlds meet, namely, the world of 
living things and the world of production processes. The 
word is often used in the plural, adding an additional 
layer that refers to the diversity of processes developed. 
The Organization for Economic Cooperation and Deve- 
lopment (OECD) defines biotechnologies as “the applica- 
tion of scientific principles and engineering to the trans- 
formation of materials by biological agents to produce 
goods and services.” The term can also be broken down 
into the following three elements: bio for life, techno for 
the tools that are developed, and logis for mastery of the 
process. This adds up to biotechnology for mastering the 
tools of the living. The various types of biotechnology 
also take on different colors: the green biotechnology of 
agricultural value, red biotechnology of medical value, 
and white biotechnology, which EuropaBio defined in 
2003 as the application of natural processes to industrial 
production, especially that of biological engineering in 
the service of chemistry. Biotechnologies are thus situ- 
ated at the crossroads of three areas of expertise: health, 
agrifood, and the environment. 
According to the West and Central African Council for 
Agricultural Research and Development (WECARD), 
biotechnologies are taking root in the world market, with 
a turnover of $9.2 billion in 2009. They account for more 
than 40% of the seed market and 30% of the pesticide 
market, while 14 million peasant farmers use them [2]. 
The developing countries do not want to be excluded 
from this new market. 
The developing countries, especially those in Sub- 
Saharan Africa, are thus placing great hope in biotech- 
nology as a way to solve the problems of hunger and 
poverty in particular. So, according to A. Traoré (2005), 
the strategic choice of promoting the planting of trans- 
genic Bt (Bacillus turingensis) cotton should be a pow- 
erful way to fight poverty [3]. According to Jacques Di- 
ouf, director of the UN’s Food and Agriculture Organi- 
zation (FAO), as quoted by A. Traoré (2005), “It is now 
widely recognized that we have entered a post-Green 
Revolution era and conventional selection has reached a 
ceiling in terms of crop yields. Biotechnologies and ge- 
netic engineering should be able to help solve this prob- 
lem by increasing yields significantly”. 
A Sahel and West Africa Club (SWAC) secretariat 
consultation of the players concerned by the introduction 
of biotechnologies showed the many advantages that the 
spread of these biotechnologies were expected to have in 
Africa. However, caution is still necessary, as shown by 
the consultation report’s chapter on perceptions of the 
risks that can be linked to the use of biotechnologies and 
are feared by farmers and civil society organizations [4]. 
These concerns belong to a variety of spheres, namely, 
 the socioeconomic sphere; 
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 regulatory, political, and strategic constraints; 
 the environment; 
 human health; 
 and ethical considerations. 
The diversity of fields affected by biotechnologies thus 
gives us cause to envision their implementation within an 
integrated approach. Concepts and tools exist to frame 
the integrated development of these biotechnologies. 
3. A Few Integrating Concepts in the Service  
of African Biotechnologies 
3.1. The Sustainable Development Concept 
The various spheres listed above recall the multidimen- 
sionality of sustainable development, which can be ap- 
plied to biotechnology so as to meet the people’s needs 
without jeopardizing those of future generations. Sus- 
tainable development’s multidimensionality is actually a 
reflection of all the complexity that characterizes the 
human being and society alike. As Edgard Morin pointed 
out in 1999, the human being is biological, mental, social, 
emotional, and rational all at the same time, while society 
contains historical, sociological, economic, religious, and 
ethical dimensions [5]. Sustainable development does not 
escape this fundamental complexity, which is traditional- 
ly situated at the intersection of three main fields (ethics, 
economics, and the environment) and crisscrossed by 
anthropocentric or ecocentric currents.  
In the years after the Rio Conference, and even today, 
implementing sustainable development in actual fact was 
fraught with many difficulties. One such difficulty was a 
lack of criteria or characteristics to help guide the play- 
ers’ strategic choices and use of appropriate management 
tools guaranteeing that all these characteristics are taken 
into account. So, as part of a research program on sus- 
tainable development and water we compiled a list of 
criteria in order to judge whether the strategy adopted 
strayed from or was close to the concept of sustainable 
development (Table 1) [6]. 
The criteria proposed above can be used as a grid for 
analyzing all development projects, including biotech- 
nology development projects. However, besides this 
chief notion of sustainable development, other, more 
hands-on, approaches, such as impact assessments, can 
also be mobilized. 
3.2. Impact Assessments 
Environmental and social impact assessments are part of 
the project evaluation processes that donors and interna- 
tional bodies already require. The aim is to estimate and 
predict the consequences of a development action on the 
environment and society. The assessment can concern 
projects, policies, technologies, and consumption choices  
Table 1. A few sustainable development criteria (from   
Rosillon, 2011). 
A few sustainable development criteria 
Social criteria 
Agreement on a philosophy and an outlook 
Guaranteeing democratic operation 
Taking all needs into account 
Promoting inter- and intra-generational management 
Acting on the long term 
Promoting education and training 
Environmental criteria 
Overall ecosystemic approach 
Good knowledge of the problems and things  
at stake, along with reliance on expertise 
Heeding the biogeochemical cycles 
Heeding ecosystems’ carrying capacities 
Promoting socio-cultural and biological diversity 
Incorporating environmental policies 
Precautionary principle 
Principle of prevention 
Economic criteria 
Economic efficiency 
Productivity of the resource 




[7]. The idea is to analyze their effects on the environ- 
ment and society, measure their degree of acceptability, 
propose remedial actions, and provide assistance in de- 
ciding whether or not developing a project is opportune. 
This is an interdisciplinary process that also pulls in the 
local population by making the study—as a rule supple- 
mented by a non-technical summary for the public at 
large—available and organizing information sessions to 
ensure the project’s transparency. 
Allusions to impact assessments can already be found 
in Burkina Faso’s legislation in 1977. Article 17 of law 
0052/97/ADP of January 30, 1977, concerning the Envi- 
ronment Code of Burkina Faso stipulates, “…activities 
likely to have significant impacts on the environment are 
subject to the Environment Minister’s prior opinion. This 
opinion is made on the basis of an environmental impact 
assessment or notice.” This provision was confirmed 
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more recently by law 005/97/ADP of January 30, 1997, 
concerning the Environment Code of Burkina Faso. This 
text refers to the environmental impact assessment (EIA) 
and environmental impact notice (EIN) as tools for in- 
corporating environmental concerns in development pro- 
jects and plans. 
While these impact studies are excellent integrating 
tools, they sometimes come up against a lack of data and 
quantifiable indicators in the countries of the South. 
Consequently, it is necessary to bolster expertise regar- 
ding the generation of knowledge allowing the best possi- 
ble characterization of the project and its possible im- 
pacts on the environment and health. Shouldn’t this ex- 
pertise cover the development of assessment methods 
that are particularly suitable for biotechnologies while 
including the notion of time as well, since it can take a 
very long time for these impacts to arise? 
3.3. Integrated Water Resources Management  
(IWRM) 
After this succinct presentation of two generalist ap- 
proaches to integration, let us examine the IWRM con- 
cept regarding the water sector. 
Water management—basically access to water and 
drainage systems—was long considered to be mainly a 
technical problem. Thousands of miles of pipes were laid 
down by hydraulic engineers around the world to convey 
water to the places where it was needed or remove it 
where it was bothersome. Catchment works, dams, man- 
made reservoirs, hydroelectric power plants, and drain- 
age works were built and are still being built today [8]. 
However, this technical approach overlooked the fact 
that water had many facets beyond being the simple 
molecule “H2O”. Today, water is the subject of a wide 
range of interests expressed by numerous users. Finally, 
all the inhabitants of the planet feel concerned by this 
familiar asset that is indispensable for life. Along with its 
technical dimension, water thus has various other dimen- 
sions: environmental, social, economic, legal, educa- 
tional, cultural, and spiritual. 
The definition of IWRM, which was historically at- 
tached to the four principles set during the International 
Conference on Water and the Environment in Dublin in 
1992, was clarified later on. The definition given by the 
Global Water Partnership (GWP) is regularly quoted, to 
wit, “Integrated Water Resources Management is a pro- 
cess which promotes the coordinated development and 
management of water, land and related resources in order 
to maximise economic and social welfare in an equitable 
manner without compromising the sustainability of vital 
ecosystems and the environment”. IWRM thus takes wa- 
ter resources’ dynamics in the natural areas of water- 
sheds and aquifers into account, with all of the players in 
the water sector being involved in a new management 
framework that strikes the best balance among all of wa- 
ter’s uses.  
However, what does integration mean in the field of 
water? The term “integration” meets the following two 
definitions [8]: 
1) Integration of an element in a larger set: 
 integration in the hydrosphere and the global water 
cycle; 
 integration in the development concepts or programs 
that are deemed important and/or priorities (sustain- 
able development and climate change, for example). 
2) Integration of the parts with each other: 
 integration of all resources: water in all its forms, 
quantitative and qualitative resources, an ecosystemic 
approach that respects the ecosystem’s integrity, the 
quality of aquatic environments, which results from 
three components (physical, chemical, and biological), 
regenerative potentials, and ecosystems’ carrying ca- 
pacities versus users’ ecological footprints; 
 integration of knowledge and expertise; 
 social integration: integration of needs and functions 
and harmonization of uses; 
 integration of the players: participation and policy 
integration; 
 economic integration; and 
 spatial integration: the catchment area. 
In actual practice, this integration, which is so strongly 
desired, still often finds itself hobbled by strong sectorial 
management patterns, while in developing countries 
IWRM is hemmed in by organizational and socio-cul- 
tural barriers [9]. Yet IWRM is characterized by a holis- 
tic, crosscutting, multidisciplinary approach that can also 
be applied in the field of biotechnology. 
3.4. Eco-Health: Human Health and Ecosystems’  
Health 
Here is another example of an integrating concept, this 
time in the field of health. Like the concept of sustainable 
development, the Eco-Health approach puts health at the 
intersection of environmental, economic, and social fac- 
tors. This concept is widely defended by the International 
Development Research Centre (IDRC), a Canadian state 
entity that puts its faith in researchers from the South to 
solve their countries’ development problems. According 
to Jean Lebel (2003), no less than human beings’ places 
in their environment are riding on the ecosystemic ap- 
proach to human health [10].  
The ecosystemic approach thus gives as much impor- 
tance to good environmental management as to economic 
factors and the community’s aspirations when it comes to 
resource management [10]. An Eco-Health approach also 
takes care to get the local communities directly involved 
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in research programs and initiatives that are implemented 
with them in mind. It does so through monitoring com- 
mittees that supervise the process and in which represen- 
tatives of users and civil society take part. 
It is thus necessary to go beyond the purely health and 
environmental perspectives in order to solve, with all the 
players, the sources of environmental degradation that 
affect health. The Eco Health approach aims both to im- 
prove human beings’ health but also to enable ecosys- 
tems to function well so that they can carry out their 
natural functions in terms of maintaining biodiversity and 
potential resources.  
This holistic approach can also be a way to combat 
poverty, which can be translated as a lack of satisfactory 
responses to all human beings’ vital needs, i.e., access to 
resources (water, food, energy, etc.), the availability of a 
safe living space, accommodations, and so on. However, 
poverty also drives the poor to take risks to survive. This 
is how Kofi Annan, then Secretary-General of the UN, 
put it in 1999: “…poverty and demographic pressure are 
driving more and more poor people to live exposed to 
danger, on plains that are subject to flooding, in areas 
exposed to earthquakes and on unstable hillsides”. (Kofi 
Annan, 1999, in USAID, 2006) [11]. 
The situation of a degraded environment and chronic 
poverty is often compounded by bad governance. Here 
we have all the macabre elements of the vicious circle of 
human and environmental distress (Figure 1) [12]. 
Human health results from environmental conditions 
and chronic poverty, but also from problems of organiza- 
tion and governance in the country. The main challenge 
that must be taken in poor countries is to break the vi- 
cious circle that is maintained by sectorial approaches 
and inappropriate policy choices, be they national initia- 
tives or imposed on the country by international bodies. 
We have dared to draw a parallel between the Eco- 
Health approach and biotechnologies, since the latter are 
also mentioned as providing possible ways to fight pov- 
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Figure 1. The vicious circle of human and environmental 
distress [12]. 
able to break this vicious circle of human and environ- 
mental distress, or do we run the risk of causing a shift to 
other forms of environmental and social degradations, 
health problems, and a new type of poverty? 
4. Some Elements for the Integrated  
Development of Biotechnologies in West  
and Central Africa 
What can we take from these integrated approaches when 
we look at the implementation of biotechnologies in 
West and Central Africa? Below we have set out a few of 
the elements that can be taken into account in favor of a 
holistic vision of biotechnologies, especially in the area 
of agriculture, based on the four concepts outlined pre- 
viously. This list is far from exhaustive. 
4.1. Information and Communication 
The information and communication duo is definitely 
one of the conditions for integrated development. In the 
field of biotechnologies, various voices have been raised 
to denounce the all-too-frequent absence of an impartial 
information and communication policy, especially when 
it comes to genetically modified organisms, which trig- 
ger fear of the unknown and open the door to all sorts of 
misunderstandings and assumptions [4]. One cannot 
content oneself with the unilateral information provided 
by seed-producing multinationals. Cross-examination of 
the subject and confrontational debate must be accepted. 
Before anything else, it appears to be vital that the in- 
formation circulate among the players directly involved 
but also to the public at large. The biotechnology firms 
and researchers brought together by the IDRC in Ouaga- 
dougou in November 2004, it should be added, voiced 
the need to develop a public information system on bio- 
technology [4]. 
To trigger a broad democratic countrywide debate, 
might it not be opportune to organize a national biotech- 
nology conference? The Academy of Science and Tech- 
nology of Senegal (ASTS) had already proposed a na- 
tional conference for Senegal in 2004 [13]. This would 
be an opportunity to launch a broad information cam- 
paign on the subject and promote initiatives to explain 
biotechnologies to the public at large in a language that 
they can understand while offering an area for exchange 
and debate on the issue. Care would be taken to let mi- 
norities and modest peasants, who are sometimes side- 
lined or exploited by the new biotechnology bosses, have 
their say. This conference could also be the crucible in 
which the policy line to follow in this area could be cast. 
It could also be a forum for drawing up an appropriate 
legal framework in which the general conditions of de- 
velopment and implementation, property rights, envi- 
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ronmental and health responsibilities, bio-safety, inspec- 
tion and monitoring schemes, and so on could be spelled 
out in a manner that would avoid a “cut-and-paste” of 
Western models and, on the contrary, specify what is 
good for West and Central Africa.  
4.2. Participation 
However, informing, even consulting, the people on this 
topic could also lead to a more intense form of participa- 
tion. Indeed, when it examined the prospects for imple- 
menting biotechnologies in Africa, the ASTS (2004) 
called for the participation of all the entities involved and 
the setting of a determined strategy [13]. What is more, 
the West African Network Farmers’ and Producers’ Or- 
ganizations and the West African Network Chambers of 
Agriculture demanded, back in 2005, “the institution of 
broad debates in the population in order to enable them 
to participate in the decision-making” up to and inclu-  
ding an at least five-year moratorium in the Economic 
Community of West African States (ECOWAS) area to 
give the people time to be informed and participate in 
making the decision to go with biotechnologies or not 
[14]. More recently, the FAO made a case for having 
small farmers participate more in decisions regarding 
biotechnologies during the Guadalajara Conference in 
Mexico in 2010 [15]. 
This participation could also be materialized by the 
creation of a national biotechnology council as an inde- 
pendent biotechnology development watchdog or obser- 
vatory. Locally, on the project level, a community steer- 
ing committee assembling the main forces of the com- 
munities concerned might also be created. 
4.3. Territorial Integration and the Land 
The aim of an important biotechnological subset is to 
increase crop yields by using genetically improved seeds 
to replace other plant varieties. As arable land is not infi- 
nite, might not certain projects run the risk of being seen 
as competing with traditional crops? For example, there 
are possible conflicts of land use between subsistence 
crops and major cash crops for export, or between local 
food crops and new crops for biofuel production. 
In all cases, land is the object of increasingly stiff 
competition among various players and not just rural 
inhabitants. Small farmers, indigenous peoples, immi- 
grants, the private sector, development projects, agri- 
business, and other groups have all entered the fray. In 
developing countries the problem of land use is often 
complex and divided among a large number of players 
governed by either customary or modern law. 
So, we see a layer cake of land use rights over, even ti- 
tle to, the same area. According to Le Roy et al. (1996), 
quoted in Rosillon & Bado-Sama (2008), the surface area 
gives rise to a right of access and the resource to a right 
of harvesting, operation, or possession [16]. However, 
let’s not forget that an area’s value is contingent on the 
resources that it harbors or is likely to contain (Weler, 
1998, in Rosillon & Bado-Sama, 2008) [16]. Biotech- 
nologies generate new resources that must thus find their 
places in the available area, but integrated development 
cannot ignore the land ownership issues mentioned 
above. 
4.4. Environmental Integration 
The ecosystemic approach is used to take all of the bio- 
physical environment’s compartments, i.e., the ground, 
air, water, biodiversity, and energy, into account. It is 
also necessary to examine the effects that are produced 
locally, in the sub-region, and even internationally, both 
in the short and longer term, and even in the very long 
term. The saying “Act locally, think globally” will also 
apply. Externalities and side or collateral effects abso- 
lutely must be taken into account. (Example: Using 
smaller amounts of pesticides improves the quality of the 
environment and reduces the production costs linked to 
purchasing such inputs, but are the treated plants more 
vulnerable to other parasites not covered by the genes of 
resistance that have been incorporated in the new seeds’ 
DNA, and what will the effects on health and biodiver- 
sity be?) Preserving biodiversity will thus be vital, and 
there is the risk of “genetic contamination by transfer of 
the modified genes to local primary strains” that can lead 
to “a disorganization of the ecosystem and, ultimately, 
the disappearance of the local genetic heritage” [4]. 
The new products’ whole life cycles and overall eco- 
logical footprints both upstream (in the research and de- 
velopment phases) and downstream (in the production, 
consumption, and elimination phases) must be analyzed. 
This means factoring in all the indirect costs and envi- 
ronmental and social externalities. 
4.5. Health and Biotechnologies 
What are the links between human health and biotechno- 
logical food production? The problem is complex. What 
are the links between the resurgence of cancers and 
GMOs? What are the links between cases of allergies and 
the consumption of GMOs? What about the development 
of resistance to antibiotics, the production by transgenic 
plants of toxins that are harmful to human health [4]? All 
these questions have yet to be answered. 
Today, as Professor Séralini’s team (2012) is dissemi- 
nating the results of their research on the impact of 
GMOs on rats fed Round Up-tolerant transgenic corn, the 
debate about using these GMOs correctly has been re- 
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opened. According to their studies, rats fed for two years 
with transgenic NK 603 corn and non-genetically engi- 
neered corn treated with Round Up died earlier than their 
fellow rats fed with untreated corn. The rats in the first 
two groups developed kidney, liver, and breast tumors, 
revealing the herbicide’s long-term chronic toxicity [17]. 
However, Séralini’s research has been criticized for a 
lack of scientific method and refuted by France’s High 
Council of Biotechnologies [18] and the National Food 
Safety Agency [19]. The seeds of doubt have been 
planted and the international scientific community is split, 
reflecting once again all the complexity that surrounds 
the use of biotechnologies. 
We are operating in an increasingly complex world in 
which yesterday’s truths are challenged and swell the 
ranks of our uncertainties and doubts. The wake-up call, 
when it comes, will be all the more of a shock if we de- 
velop policies and projects sectorally, by looking at only 
a small part of the problem, without imagining the con- 
sequences of a policy or project on elements that are 
sometimes very remote from the subject. Given these 
uncertainties, shouldn’t we give priority to the precau- 
tionary principle inherited from the foundation of sus- 
tainable development? And shouldn’t the health field be 
tackled using the previously described Eco-Health ap- 
proach? 
4.6. Socio-Cultural Acceptance  
While technology alone cannot solve the problems of 
development, it nevertheless must first be accepted by 
society and taken up by the populations that are con- 
cerned. 
Today’s biotechnologies come for the most part from 
research programs carried out in Western countries. It is 
very often a matter of exporting technologies to deve-  
loping countries in contexts that are very different from 
those in which they arose. According to Pallante (2011), 
simply adjusting production patterns to territories, know- 
how, and forms of social organization must be avoided. 
He continues by mentioning the risks of agro-industrial 
excesses: “…getting people to grow exportable com- 
modities by supplying the seeds and inputs, complete 
with user’s manual, and after the harvest shipping the 
products to the West, steps that the small farmer has no 
control over, so that he is dependent on the global 
economy and its fluctuations” [1]. 
Leading-edge biotechnologies for cash crops are not 
sustainable in the long run if the rural populations are 
excluded, with the risk of creating a social divide affect- 
ing the most vulnerable family farmers, and if poverty is 
not overcome. The idea is not to eradicate subsistence 
farming in favor of agro-industry. On the contrary, agri- 
business must leave room for crop diversity, local mar- 
keting and processing of harvests, and respect for the 
peasants’ loyalty to their own culture, while guaranteeing 
their self-sufficiency and independence [1]. Finally, socio- 
cultural acceptance of biotechnologies will also entail the 
peasants’ freely given acceptance of changes in produc- 
tion patterns regarding the fact, for example, that farmers 
will no longer be able to harvest their own seeds. 
So, we must bear in mind that genetically modified 
crops can also run aground on religious and cultural sand 
bars, for example, due to new varieties’ potential impacts 
on traditional seed systems [20] or the destruction of in- 
ter-specific barriers between species, especially given the 
matter of gene mobility between the animal and plant 
kingdoms [4]. 
4.7. Integration of Local Expertise 
Even if the development of biotechnologies calls for 
high-level human skills and high-tech material means of 
research, with the creation of centers of excellence and 
research clusters in particular, local expertise must not be 
overlooked. That is the message that François Traoré 
(2006) wanted to put across in his acceptance speech of 
the title of Doctor honoris causa from the Agricultural 
College of Gembloux (Belgium) [21]. To avoid these 
new technologies’ being perceived as “impositions from 
on high,” farmers must be involved in the processes of 
developing new varieties [20]. 
In fact, when it comes to intellectual property rights, 
the FAO proposes recognizing the rights of farmers as 
the holders of local genetic assets within the International 
Union for the Protection of New Plant Varieties [4]. 
4.8. New rules for the World Market 
According to an OECD report from 2009, “…between 
now and 2015 around half of global production of the 
major food and feed crops will probably come from plant 
varieties developed with the help of biotechnology” and 
by 2030 biotechnology could contribute up to 2.7% of 
gross domestic product (GDP) in industrialized countries 
and even more in developing countries, given that the 
latter’s economies are more heavily dependent on agri- 
culture [22]. Moreover, the European Union is investing 
1.9 billion euros in the creation of a European bio- 
economy under the banner of “food, agriculture, fisheries, 
and biotechnology” as part of the 7th R & D Framework 
Program (FP7) [22]. 
The economic stakes riding on biotechnology are thus 
enormous, but for developing countries the problem is to 
cope with the new masters of biotechnologies without 
locking themselves into new relationships of dependence 
on Western countries and the seed-producing multina- 
tionals that are taking up monopoly positions on the 
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global market. Even more crucially, how can food sove- 
reignty be guaranteed if the countries have no control over 
the production and distribution of the seeds that are used? 
From a global standpoint, we can also wonder how 
Africa is going to position itself in the geopolitics of bio- 
technology, caught as it is between the US-EU pincers’ 
jaws and given Asia and Latin America’s increasing 
power [23]. Rather than having each country react indi- 
vidually to developments, the African position should be 
strengthened if the countries of West and Central Africa 
band together and pool their capacities, expertise, and 
experience while making sure that the countries coordi- 
nate their policies. 
5. Conclusions 
It is understandable that Africa does not want to miss out 
on this new biotechnology market in which the countries 
of the North dominate. There is even the feeling that 
biotechnologies are the door through which the countries 
of Sub-Saharan Africa will enter globalization [13]. How- 
ever, these techniques and technologies can also engen- 
der new types of dependence, notably on the seed sup- 
pliers’ monopolies, for these multinationals are flooding 
the market with their selected seeds, against which the 
peasants’ seeds have little say. It will also be necessary to 
oversee the spread of biotechnologies in Africa through 
new regulatory frameworks that spell out the rules of bio- 
safety, intellectual property, and patentability, among 
other things, while safeguarding local interests. 
To claim to benefit from the fallout of these biotech- 
nologies as levers of development, the countries of West 
and Central Africa’s scientific and technological lag will 
have to be overcome by bolstering their capacities and 
stepping up collaboration between research teams from 
the North and the South. Along with WECARD [2], we 
think that technical and financial means will have to be 
freed up for researchers in developing countries. How- 
ever, this expertise will have to take specifically African 
environmental and socio-cultural aspects into account as 
well. 
It is also a good idea for the African development 
model to differentiate itself from Western models by 
taking a holistic approach that puts the human back at the 
heart of the debate and factors in all aspects of life in 
society. Great pains must be taken not to dissect the liv- 
ing and pick out the favorable elements that could lead to 
more profitable production and consumption processes. 
Without wanting to teach anyone a lesson, this plea for a 
holistic approach to biotechnology has recalled a few 
integrating concepts that the African biotechnology 
strategy could mobilize. 
A vast field of research and adaptation is opening up 
to turn biotechnologies into a genuine lever of human 
development in which all the peoples of Africa will come 
out winners. Many types of ability will be required, and 
besides engineers, multidisciplinary teams of environ- 
mentalists, doctors, sociologists, etc., and local farmers’ 
representatives will have to be set up in order to grasp all 
of biotechnology’s intrinsic complexity. This broadening 
of competences will be facilitated by the creation of fo- 
rums for dialog and knowledge sharing along the lines of 
the regional colloquium organized by Ouagadougou 
University in November 2012 [24]. 
May biotechnologies help to break the vicious circle of 
poverty by bolstering food self-sufficiency and impro-  
ving human and environmental health in West and Cen-
tral Africa! 
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